Introduction
Animals have been kept (and bred) under human care since the Neolithic. The environmental conditions in captivity often differ drastically from natural surroundings and include altered diet, increased or reduced populations sizes, different pathogen stress and the release from ecological forces such as competition or predation. These changes manifest themselves in behavioural (Price 1999; Reinhardt 2001) , morphological (O'Regan and Kitchener 2005; Stringwell et al. 2014 ) and physiological changes (Quispe et al. 2014; Roznere et al. 2014) .
Rare or endangered species are often bred in captivity to support reintroduction programs, such as those for the Przewalski horse (Equus ferus przewalskii; Roznere et al. 2014) , the black-footed ferret (Mustela nigripes; Miller et al. 1996) and Mexican and Red wolves (Canis lupus baileyi and Canis lupus rufus; Hedrick and Fredrickson 2008) . However, only about 13% of captive breeding and reintroduction efforts are successful, whereas reintroductions not involving captive breeding (termed relocations) have a higher success rate (31%; Fischer and Lindenmayer 2000; Williams and Hoffman 2009) . The causes of reintroduction failures have been linked to ecological factors or mismanagement, but genetic factors have also been suggested (Fischer and Lindenmayer 2000; Jiménez et al. 1994) .
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Interest has grown concerning the genetic changes that arise during captivity, especially those that may be disadvantageous in natural environments (Kitada et al. 2009 ). Frankham et al. (2002) summarise these changes to include: (1) loss of genetic diversity, (2) inbreeding depression, (3) accumulation of mildly deleterious mutations, and (4) genetic adaptation to captivity. While the first three changes result from small population sizes, genetic adaptation to captivity is strongest at large effective population sizes. Most traits selected for in captivity are disadvantageous in natural environments (Frankham 2008) . While measures to reduce both loss of genetic diversity and artificial selection (i.e. adaptation to captivity) in breeding programs are often considered (Ballou and Foose 1996; Fraser 2008) , these measures can be quite contradictory (Frankham 2008) . Therefore, to optimize management of a captive population and to maximize its viability in the wild, it is of crucial importance to understand the alterations in evolutionary forces (e.g. genetic drift or selection) and genetic characteristics of specific captive population relative to their wild counterparts.
The rearing and transport of salmonid fishes in Europe can be traced back to the Middle Ages (Pechlaner 1984) while artificial propagation of trout in Germany began around the eighteenth century (Borgstrom 2012) . Genetic studies on Austrian brown trout have shown that stocked hatchery fish are mainly of the Atlantic mtDNA lineage whereas limited numbers of native populations were found to consist mainly of Danubian mtDNA lineage fish (Bernatchez 2001; Lerceteau-Köhler et al. 2013) .
Aside from a broad contact zone between the upper Danubian watershed and north-flowing drainage systems (e.g. Rhine or Elbe), the Danubian and Atlantic lineages existed largely in allopatry before human stocking activities began (Lerceteau-Köhler et al. 2013) . The natural range of the Danubian lineage encompasses the drainages of the Black, Caspian, Azov and Aral seas, reaching from Bavaria, Germany (upper Danube) to eastern tributaries of the Aral Sea in Afghanistan and Pakistan. While most Atlantic lineage brood stocks used in Austria stem from central Europe (e.g. Czech Republic) or southern Scandinavia (i.e. Denmark), the Atlantic lineage naturally ranges from North Africa as well as some Mediterranean islands, up the entire Atlantic coast of Europe and into Central Europe and Scandinavia (Bernatchez 2001) . Thus, both of these so-called lineages encompass enormous regions of highly heterogeneous habitats with thousands of isolated populations in small to large rivers, lakes, and estuary habitats.
Evidence for lower survival of hatchery-reared salmonids in natural environments is overwhelming, has been documented since the 1960s (Flick and Webster 1967; McGinnity 1997; Hansen et al. 2000; McGinnity et al. 2003; Fraser 2008) , and includes a study on Austrian brown trout (Weiss and Schmutz 1999) . Even if captivereared fish stem from the local population they are being stocked into, the maladaptive effect of captivity can be quite drastic. Araki et al. (2007) demonstrated a reduction in the reproduction of hatchery-reared steelhead (i.e. anadromous rainbow trout Oncorhynchus mykiss) in the wild within three generations of captivity. This genetic effect of domestication, stemmed solely from differing environments as the captive-reared and wild fish had the same source population. Christie et al. (2016) demonstrated large-scale gene expression differences (i.e. across 723 genes) in steelhead attributed to a single generation in captivity, with the involved genes associated with wound healing, immunity and metabolism.
The Major Histocompatibility Complex (MHC) comprises a well-studied functional group of genes with a key role in the immune system. Two main subfamilies of the MHC, namely MHC class I, and MHC class II, encode for glycoproteins that present peptides to specialist immune cells and are therefore crucial for pathogen recognition and immune response. Some MHC genes have revealed astoundingly high levels of variation in many species (Klein 1986; Hughes and Yeager 1998) . Empirical data suggests that positive, parasite-driven selection underlies this high variation whereby the exact mechanism behind the positive selection is still debated (Paterson et al. 2004; Sommer 2005; Piertney and Oliver 2006; Zhang et al. 2015) . Nonetheless, the high variability and adaptive significance of MHC genes make them ideal candidates to study selection pressure in non-model species (e.g. Shafer et al. 2012; Chen et al. 2015) .
For salmonids, the genetic variability of MHC loci has been linked to kin discrimination (Olsén et al. 1998) , mate choice (Landry et al. 2001; Forsberg et al. 2007 ), embryo viability (Jacob et al. 2010 ) and pathogen infections (Consuegra and Garcia de Leaniz 2008; Lamaze et al. 2014) , and also play an important role in the viability of invasive species or non-native strains (O'Farrell et al. 2013; Monzón-Argüello et al. 2014) . The negative effects that stocking can have on immunogenetic traits (including MHC variability and expression) have also been documented in salmonids (Currens et al. 1997; Lamaze et al. 2014) .
We genotyped 17 persumably neutral microsatellite loci and three MHC-linked microsatellite loci and cloned and sequenced a specific MHC class II locus (MHC II β, called Satr-DAB in S. trutta) in three wild Austrian and three hatchery populations of brown trout to assess both neutral and adaptive genetic variation in captive versus wild populations. The results reveal insights into the relative roles of genetic drift and selection pressure in captive and wild populations and may help steer captive breeding strategies toward more sustainable and ecologically beneficial management strategies.
Materials and methods

Sample populations
Six brown trout populations (three wild populations and three hatcheries) were used in the analysis (Table 1 ; Fig. 1 ). Whereas some tissue samples are identical to those used in Lerceteau-Köhler et al. (2013) , sample sizes were increased in 2012 and 2013 using non-invasive tissue sampling during standard electrofishing monitoring, approved by the local responsible authorities. The three wild populations (Etrachbach-ETR, Lohnbach-LOH and Wolfsgrabenbach-WOL) represent the native Danubian lineage with no sign of introgression from foreign sources (Lerceteau-Köhler et al. 2013; Schenekar et al. 2014 ). Etrachbach and Wolfsgrabenbach are in the southern provinces of Austria (Styria and Carinthia), whereas Lohnbach lies in Lower Austria, a province northeast of the Alps. Hatchery 1 (Hat1) represents a local hatchery near Graz, Styria, hatchery 2 (Hat2) a commercial hatchery in Lower Austria, and hatchery 3 (Hat3) a large commercial hatchery in Denmark. These three hatcheries represent widely distributed strains used for stocking in Austria and consist primarily of Atlantic lineage fish (Lerceteau-Köhler et al. 2013 ). Based on previous analyses these hatchery populations are all relatively homogeneous and represent the same major sub-lineage of the Atlantic basin (Lerceteau-Köhler et al. 2013; Schenekar et al. 2014) . All finclips were preserved in 96% ethanol, total DNA was extracted using a high-salt (ammonium acetate) protocol (Sambrook et al. 1989 ).
Microsatellite (SSR) typing
A total of 17 neutral microsatellite loci (neutral SSRs) were amplified in three multiplex reactions, as in Schenekar et al. (2014) . The data for the neutral SSRs for the hatchery populations and LOH stem from Schenekar et al. (2014), whereas all other data were newly generated. Three additional microsatellites linked to MHC loci (adaptive SSRs), and first described in Atlantic salmon (Salmo salar; Grimholt 1997; Grimholt et al. 2002; Gharbi et al. 2009 ) were amplified in a 3-plex reaction: (1) Satr-UBA is a tightly linked microsatellite in the 3′-untranslated region of the MHC I locus Satr-UBA and has been applied in brown trout (Coughlan et al. 2006; O'Farrell et al. 2012) . (2) SatrTAP2b (nomenclature of Lukacs et al. 2007 , corresponding to TAP2A of; Grimholt et al. 2002 ) is located in intron 5 of the TAP2A gene. The TAP protein is involved in transporting peptides into the endoplasmic reticulum, where they bind to MHC class I molecules. The TAP locus is on a different linkage group than UBA and was successfully employed in S. trutta (Hansen et al. 2007) . (3) Ssa60NVH is linked to the MHC II DAA locus and has also been used in S. trutta (Gharbi et al. 2006; Keller et al. 2011) . These markers were chosen to serve as proxies for additional adaptive markers, assuming that they should retain some signal of selection acting on the linked adaptive genes. Each PCR reaction contained 0.5 µl primer mix (containing 2 µM of each primer), 2.5 µl Type-it Multiplex PCR Master Mix (Qiagen) and 20-40 ng template DNA. The final reaction volume was 6 µl. The forward primers were fluorescently labelled and reverse primers carried a "pigtail"-sequence (5′-GTT TCT T-3′) at their 5′-end to increase genotyping accuracy. The primer sequences used were as follows: (1) Satr-UBA-fwd 5′-GGA GAG CTG CCC AGA TGA CTT-3′ and Satr-UBA-rev-pt 5′-GTT TCT TCA ATT ACC ACA AGC CCG CTC-3′, (2) Satr-TAP2-fwd 5′-GCG GGA CAC CGT CAG GGC AGT-3′ and Satr-TAP2-rev-pt 5′-GTT TCT TGT CCT GAT GTT GGC TCC CAGG-3′, and (3) Ssa60NVH-fwd 5′-TTG TGG AGT ATT TAG CAA TC-3′ and Ssa60NVH-rev-pt 5′-GTT TCT TAT TGG CAG ACA TGC ACT C-3′. PCR cycling conditions were as follows: An initial denaturation at 95 °C for 5 min, followed by 25 cycles of denaturation at 95 °C for 30 s, annealing for 1:30 min at 54 °C and extension at 72 °C for 30 s with a final extension step at 60 °C for 30 min. PCR products were mixed with 0.25 µl size standard (GeneScan 500 ROX Size Standard, life technologies) and 10 µl formamide and run on an ABI 3130xL Genetic Analyzer. Allele calling and microsatellite typing was performed in GeneMapper Software v3.7 (Applied Biosystems). Raw SSR data was tested for potential null-alleles with the program Micro-Checker 2.2.3 (Van Oosterhout et al. 2006 ) and the software COLONY 2.0 (Jones and Wang 2010) was used to screen for identical multi-locus genotypes in order to identify potential recaptured individuals.
MHC II β sequencing
We amplified, cloned and sequenced a 254-257 bp fragment of exon 2 of the MHC II β (Satr-DAB) locus, which exists as a single copy in salmonids, including brown trout (Hordvik et al. 1993; Jacob et al. 2010) . The MHC II β locus is called Satr-DAB in S. trutta, but in the interest of uniformity with other cross-taxa studies, we will refer to it as MHC II β. We used primers CL007 5′-GAT CTG TAT TAT GTT TTC CTT CCA G-3′ and AL1002 5′-CAC CTG TCT TGT CCA GTA TG-3# (Olsén et al. 1998) . Each PCR reaction contained 5 µl TopTaq Master Mix (Qiagen), 0.2 μM of each primer and 40-80 ng template DNA, brought up with water to a final reaction volume of 10 μl. PCR cycling conditions were as follows: an initial denaturation at 94 °C for 3 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing for 30 s at 62 °C, and extension at 72 °C for 1 min, with a final extension step at 72 °C for 10 min. PCR products were cloned in E. coli DH5α cells into a pGEM ® -5Zf(+) Vector (Promga) that we modified to add T-overhangs using the protocol of Marchuk et al. (1991) . A total of 6-8 positive clones (using blue-white selection) were amplified with primers T7 5′-TAA TAC GAC TCA CTA TAG GG-3′ and SP6 5′-ATT TAG GTG ACA CTA TAG -3′ using a High-Fidelity Polymerase (KAPA-HiFi; Peqlab). Positive clones were sequenced in both directions using primers CL007 and AL1002. Sequencing products were run on an ABI 3130xl Genetic Analyzer.
Genetic diversity and differentiation-microsatellites (SSR)
Estimations of the number of alleles (N A ), allelic richness (A R ), and testing for Hardy-Weinberg-Equilibrium (based on F IS -values using 1000 permutations) were carried out in FSTAT 2.9.3 (Goudet 1995 (Belkhir et al. 1996) . Effective population sizes (N e s) were estimated with the program LDNe (Waples and Do 2008) . We calculated a "relative adaptive allelic richness" for each population, by subtracting the mean A R of the 17 neutral SSRs from the A R of the MHC II β sequences or the MHC-linked SSRs. Wilcoxon signed rank-tests were used to test whether relative adaptive variability differed between hatcheries and wild populations.
Genetic diversity and differentiation-MHC II β
Sequences were edited and aligned in MEGA 5.2 (Tamura et al. 2011) . To retain an allele it had to be, (1) sequenced in at least 3 bacterial clones, and (2), found in clones from at least two independent PCRs or had to be a 100% match to a previously described allele in GenBank. Individuals were retained if there were (1), at least five cloned sequences after filtering out potential false alleles, and (2), less than three alleles after allele filtering. After filtering, all haplotypes were BLASTed to the NCBI GenBank database and new alleles were named following Klein et al. (1990) and the rules of the IPD-MHC Database for fish, continuing the allele numbering described in Shum et al. (2001) (Lancester et al. 2003) .
Selection and recombination on the MHC II β locus
Selection at the protein-coding level of the MHC II β locus was evaluated using the ratio of the nonsynonymous substitutions per nonsynonymous site (dN) to the synonymous substitutions per synonymous site (dS) (i.e. the dN/dS ratio), calculated in DnaSP using a Jukes-Cantor correction for multiple hits. A codon-based Z-test implemented in MEGA was carried out to test for positive selection using 1000 bootstrap replicates. Comparisons of dN/dS ratios between hatcheries and wild populations were done with a Mann Whitney-U-test and a Wilcoxon signed rank-test.
Selection on individual codons was evaluated using codon-specific dN/dS ratios using the program CODEML of the PAML 4.7 software package (Yang 2007) . Likelihood ratio tests (LRTs) were used to test for varying dN/ dS ratios along the sequence and for positive selection comparing four nested model-pairs (Wong et al. 2004) . A Bayes empirical Bayes (BEB) estimation was used to identify sites under positive selection (Yang et al. 2005) . Each model was run for all six populations separately and for all haplotypes found in the whole dataset. Tree topologies were calculated by the Maximum Likelihood algorithm implemented in MEGA 5.2 whereby the best fitting substitution model was evaluated with jModeltest 2.1.4 (Darriba et al. 2012 ) for each dataset separately. A Wilcoxon signedrank test was used to test for differing dN/dS ratios between antigen-binding sites (ABS) and non-ABS, as defined by the human model (Brown et al. 1993 ) and applied to salmonid fishes (Aguilar and Garza 2007; Gómez et al. 2010) .
Since the MHC is highly recombinogenic in many species, including brown trout (Shum et al. 2001; O'Farrell et al. 2013) , an additional Bayesian approach accounting for recombination was implemented in the software omegaMap 0.5 (Wilson and McVean 2006) . The dN/dS ratios, posterior probabilities of selection and population recombination rate (ρ) were calculated for each codon separately (independent models of ρ & ω; details see Online Resource 1).
To test for recombination, we ran a permutation test implemented in the program Permute of the omegaMap software package. The program uses three LD statistics: (1), r 2 = the square of the correlation coefficient (2), D′ = the standardized LD coefficient (Lewontin 1964 ) and (3), G4 = the statistic of the four-gamete test (Meunier and Eyre-Walker 2001) . Permute was run for each population separately and over the whole dataset with 10,000 permutations for each. The minimum number of recombination events was calculated by the method of Hudson and Kaplan (1985) implemented in DnaSP. The program LDhat v2.2 was used to estimate the population-scaled recombination rate ρ = 4N e r, where N e is the effective population size and r is the recombination rate per gene per generation (McVean et al. 2002) .
Results
Genetic diversity and differentiation: adaptive and neutral SSRs and MHC II β
Patterns of genetic diversity across groups of markers and populations were heterogeneous, but generally highest for the MHC II β locus in hatchery populations, and lowest for both MHC-linked SSRs and the MHC II β in wild populations (Table 2) . Both, the pairwise FST (Fig. 2) and the FCA of the 17 neutral SSRs showed clearly support distinction among all wild populations as well as between wild and hatchery populations, however, the three hatchery populations themselves could not be clearly distinguished. The clear distinctions among wild, or between wild and hatchery populations were less evident based on the three adaptive SSRs. All three marker types gave significant F ST -and G′ ST -values between all pairs of populations (p < 0.0001; Online Resource 2). Mantel tests revealed a significant correlation between the neutral versus adaptive SSRs, F STand G′ ST , but no significant correlation between the neutral SSRs and MHC II β (Fig. 2) . For comparisons among wild populations, both, F ST -and G′ ST -values of MHC II β were clearly higher than the respective F ST -and G′ ST -values of neutral SSRs, however, due to the lack of power, there was no significant difference among those values (at α = 0.05).
Estimates of effective population sizes (N e s) ranged from 20 to 162 individuals (Table 3) and were slightly higher (on average) for hatchery than for wild populations (104 versus 78 individuals) but the difference was not significant (Wilcoxon signed rank-test, W = 0.667, p = 0.41). The relative adaptive A R of MHC II β of hatchery populations was significantly higher than for wild populations (Median Test; p = 0.014) using an asymptotic estimation but not using an exact estimation (p = 0.100). For the three adaptive SSRs, no significant differences between hatcheries and wild populations could be observed, even though the MHC II β-linked SSR (Ssa60NVH), showed a similar pattern than the MHC II β locus itself.
MHC II β sequence diversity, selection and recombination
The final 257 bp MHC II β alignment (N = 153 individuals) revealed 37 haplotypes, of which 19 were novel (Online Resource 3). Eight additional haplotypes were previously described but using sequences that were a few base pairs shorter in length than ours. These eight alleles received the identical allele number as the previously published sequence but a suffix (−a) was added to denote the difference in length. Our global alignment contained 72 polymorphic sites including a 3 bp-indel polymorphism, which has been previously reported (e.g. Shum et al. 2001; Campos et al. 2006; Forsberg et al. 2007 ).
Significant positive selection across the data set was supported by Fu and Li's D* and F* as well as the Codonbased Z-test, in addition to several significant tests for individual populations (Table 3 ). The Tajima's D test was only significant for ETR but with a negative value, indicating directional rather than positive selection.
The null hypothesis of no recombination was rejected in all three Permute LD tests concerning the wild populations and the whole dataset (Online Resource 4). In hatchery populations, only the permutation test for r 2 was significant. However, the minimum number of recombination events R m and the population recombination rate ρ were on average higher in hatchery compared to wild populations, but the difference was only significant for ρ (Wilcoxon signed rank-test, W = 6.0 and p = 0.014).
Selection on the MHC II β locus based on dN/dS ratios
The average pairwise dN/dS ratio indicated strong positive selection (mean dN/dS ratio overall: 3.33), which was higher in hatcheries versus wild populations (means of 3.67 versus 2.78 respectively; Mann Whitney-U and Wilcoxon signed rank-test, U = 12.496 and R = 29.4, both p < 0.001; Fig. 3 ; Table 3 ).
Likelihood ratio tests based on the PAML analysis revealed varying dN/dS ratios along the sequence over all haplotypes (M0 versus M3), as well as strong positive selection (all three nested-model pair tests were significant). At least one of these three tests of positive selection was highly significant in each population, with the exception of WOL. This population was moreover the only population that did not show significant signals of a varying dN/dS ratio along the sequence.
A total of 18 sites were suggested to be under positive selection with a posterior probability >0.99, whereby 13 of these were at antigen binding sites (ABS). ABSs had a significantly higher dN/dS ratio than non-ABS (Wilcoxon signed rank-test, W = 11.3, p < 0.001). In total, four codon positions to be under positive selection were shared among all hatcheries, whereas none were shared among wild populations (Online Resource 5). In general, fewer codon positions were suggested to be under positive selection in wild (mean = 3) compared to hatchery (mean = 12) populations.
The Bayesian analysis revealed a similar pattern of dN/dS ratios. Of the 20 sites revealing support for positive selection >0.99, 14 are suggested to be ABSs. Point estimates for the population recombination rate (ρ) ranged from 0.07 to 10.16.
OmegaMap analyses for individual populations, revealed sites suggested to be under positive selection in all populations. Twelve of these sites were shared among all three hatchery populations, whereas only four were shared among all three wild populations. However, only two sites were unique to a single hatchery population, whereas nine sites were unique to single wild populations. There was a significant difference in the frequency distribution of sites under positive selection in the three categories (1), unique to a population (2), shared by two populations, and (3), shared by all three population between the hatcheries and wild populations (χ 2 = 9.07, p = 0.011). 
Discussion
We found significantly more variation at adaptive markers (MHC II β and adaptive SSRs) in hatchery versus wild populations. Results varied from locus to locus but differences between hatchery and wild populations were most pronounced at MHC II β, underscored by the stronger signals of positive selection in hatchery versus wild populations. The increased genetic diversity at this locus could not be explained by higher effective population sizes (N e s), as there was no significant differences in mean N e for hatcheries versus wild populations, and there was additionally no correlation between overall diversity of neutral versus adaptive markers. Furthermore, we attempted to correct for potential effects of differing N e by applying an index reflecting relative adaptive allelic richness. This index was also significantly higher in hatcheries compared to wild populations for MHC II β, further supporting our inference of stronger, positive selection pressure in hatcheries. The linked adaptive microsatellite Ssa60NVH shows a quite similar, but not so pronounced pattern. Both, Satr-UBA and TAP2b show either no signs of selection or negative selection pressure in both hatchery and wild populations.
Further insights into the active mechanism responsible for these differences can be elucidated through closer inspection of the differentiation estimates. F ST -values among wild populations were much higher than among hatchery populations and neutral SSRs could clearly separate wild populations but not hatchery populations from each other. Clearly, genetic drift is acting stronger on these wild populations compared to hatchery populations. The smaller separation at the three MHC linked SSRs may be due to the lower resolution of three versus 17 loci, but could also be a sign of balancing selection (Schierup et al. 2000) . However, the MHC II β F ST and G′ ST values among wild populations were all higher than F ST and G′ ST values of neutral SSRs (similarly for adaptive SSRs, with one exception), a pattern better explained by directional rather than balancing selection (Holsinger and Weir 2009) .
Selection pressure on MHC IIβ
While selection tests based on sequence diversity (Tajima's D, Fu and Li's and Ewens-Watterson neutrality test) were non-significant, tests at the protein-coding level showed strong signals of positive selection, seen by an overall dN/ dS ratio >3 and significant likelihood ratio tests in the PAML analyses. These signals were also more pronounced in hatchery than in wild populations (dN/dS ratios of 3.67 versus 2.78). Both, PAML and omegaMap analyses showed similar patterns of varying dN/dS ratio along exon 2 of MHC II β, with particularly high dN/dS ratios at antigen binding sites (ABSs). This pattern has been repeatedly found in various taxa and has been interpreted to result from pathogen-driven selection leading to extremely high intra-population genetic diversity, (e.g. Hughes and Nei 1989; Hedrick and Kim 1998; Kamath and Getz 2011; Chen et al. 2015) .
Our omegaMap analyses also supported a higher number of codon positions under selection in hatchery versus wild populations. In contrast, more sites unique to single populations were suggested to be under positive selection in wild compared to hatchery populations. PAML analyses did not detect any codon positions under positive selection that were shared between all three wild populations but PAML may not be as reliable as omegaMap due to recombination in our dataset.
There was no obvious correlation between the dN/ dS ratios and ρ along the sequence and no recombination hotspot could be observed. Therefore, it is more likely that selection is a much stronger force than recombination in shaping the genetic diversity of MHC II β, similar to what was observed at a MHC I locus, outside an important recombination hotspot (O'Farrell et al. 2013) .
The differing selection patterns of MHC II β between hatcheries and wild populations may result from one or both of two scenarios:
Wild brown trout populations in our study are highly fragmented and found in isolated river stretches with wholly different environmental characteristics (e.g. with respect to hydrology, geology and overall fauna). Thus they are also less likely challenged by migrants from distant populations, more likely to carry new pathogens. In comparison, our hatcheries use similar infrastructure, as well as periodic supplementation leading to considerably more homogeneity in environmental conditions and pathogen exposure. Thus, this selection landscape markedly differs from that experienced by wild populations. Altered selection pressure is a logical consequence of life in an artificial environment and has long been a major concern in conservation (Lynch and Hely 2001) . Our wild brown trout populations may be more strongly influenced by genetic drift than by selection (already suggested by Jorde and Ryman 1996) . Campos et al. (2006) also observed a strong effect of genetic drift that might have eroded the effect of balancing selection in wild brown trout populations in Spain. In hatcheries, selection appears to outweigh drift, albeit selection for an artificial environment. Similarly, Atlantic salmon also revealed a relatively higher genetic diversity at MHC loci in Australian hatchery populations compared to their ancestral Canadian natural populations suggesting a strong impact of selection in the hatchery-environment (Wynne et al. 2007) .
Individual wild brown trout populations may exhibit specialized, well-adapted alleles at the MHC II β locus that have the highest fitness advantage in this specific environment and pathogen milieu. Additionally, based on lower individual-and pathogen density in wild populations, the pathogen-driven balancing selection is slowed and/or weakened. This may shift the selection regime on the MHC towards "directional-selection", leading to weaker signals of positive selection. This has also been suggested by Keller et al. (2011) , investigating wild brown trout populations along an altitudinal gradient.
Implications for stocking measures in Austria
Our results suggest that stocking of non-autochthonous brown trout in Austria is not only non-advisable because of the intermixture of (neutral) genetic variability and loss of differentiation among populations throughout their natural range, but also because of the introduction of disadvantageous alleles of adaptive loci like the MHC genes. The introduction of hatchery fish that stem from a different genetic lineage can result in introgression of MHC alleles that have a fitness disadvantage for that specific environment thus leading to a lower population viability (Bert et al. 2007 and citations therein). Therefore, the introduction of maladaptive MHC alleles may be among the causative factors in of these population declines or/fitness reductions in heavily stocked populations.
Additionally, the introduction of fish reared in high-density hatcheries is very likely to introduce non-native pathogens into the wild populations. These pathogens may not be pathogenic to the hatchery population but indeed so in wild populations. This could lead to the frequently observed population declines in stocked populations. An example of the negative impact of stocked fish on wild populations by parasite spread is the pink salmon (Oncorhynchus gorbuscha), being infected with the salmon lice (Lepeophtheirus salmonis; Krkosek et al. 2007 ).
Our results support that stocking measures in autochthonous populations should be avoided, especially with nonnative fish. If stocking measures are inevitable in natural habitats, ideally, locally established brood-stocks with local genetic material should be used. Adaptation to captivity should be minimized, e.g. by the continuous supplementation of new "natural" genetic material in order to keep the genetic composition of the captive population as close to its source population as possible. Nonetheless, genetic or epigenetic changes can begin in the first generation of captivity (Christie et al. 2016) and thus it appears to be extremely difficult or impossible to use hatchery operations in any capacity without risking deleterious effects to the wild population. While stocking in Austria will continue to be used to support various forms of sport fishing, we strongly advocate that the few remaining purely native populations be spared from such potentially damaging activity.
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